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Then  studying  the  i.*e*hanisn  ef  the  sensitising  action 
of  botulinun  toxin,  ?Tinervin,  Thak  and  Ckervyakovs  established 
that  during  test-tube  experiments  the  toxin  sharply  inhibits 
the  phagocytic  activity  of  rabbit  leucocytes.  According  to 
these  authors,  this  property  of  the  toxin  is  of  a  strictly 
specific  character,  as  it  becomes  neutralized  by  the  specific 
anti-bo  tul  inu.n  serum  of  a  corresponding  type.  Naturaxly,  it 
ceened  to  be  of  interest  to  investigate  to  what  degree  these 
observations  could  be  used  in  the  practical  control  of  botulism  * 

In  his  instructions  on  the  u°  of  the  nhagocytic  index 
determination  for  the  detection  of  the  botulinun  toxin, 

Ninervin  states  that  this  method  may  be  applied  in  the  case 
of  food  products.  The  pur^se  of  the  present  research  was  the 
study  of  the  botulinun  toxin,  ^nd  the  detection  and  establish¬ 
ment  of  its  type  through  the  phagosytie  'idex  determination 
in  food  products,  such  as  sausage,  ham,  herring  and  canned 
food.  Fpr  a  satisfactory  solution  of  this  problem,  a  gr*at 
number  of  objects  must  be  investigated  and  the  food  products 
must  contain  exact  quantities  of  toxin.  In  this  paper  v« 
present  observation  on  the  detection  of  toxin  which  was  urtifi- 
■  Hilly  introduced  in  definite  quantities  into  the  food  products 
investigated.  Simultaneously,  wo  studied  the  relative  sensitivity 
of  the  method  of  phagoeytle  Index  determination  arid  of  the 
biological  teat  widely  used  in  the  detection  of  the  botulinun 
toxin „ 

'••'e  tested  the  phageeyfcie  nativity  of  botulinun  toxin  of 
type  A  ( strain  He,  98)  ana  typo  3  (strain  no.  255). 

T b e  x n s t s  w » r e  s e t  up  as  f a  1 1 o w a : 

19  parts  of  the  physiolr  ;ic:al  solution  and  1  part  of  the  toxin 
(of  either  of  the  two  tyres)  were  added  to  5  *r.  of  the  food 
product.  The  mixture  i  us  ground,  and  allowed  to  settle  over 
u  p  c r i o d  o f  t « o  h o u  r  s  at  r  o  o n  t c n pur  a ture,  A  f t or  this  the 
liquid  portion  was  decanted  into  centrifuge  test-tubes  by  means 
of  sterile  Pasteur  pipettes.  The  contents  of  the  test-tubes 
were  centrifuged ,  and  the  supernatant  liquid  decanted  and 
d  1 1  u  t  e  d  a  a  r  a  q  u  i  r  e  d , 


In  the  first  series  of  tests  we  studied  the  influence  on 
the  phagocytic  activity  of  the  rabbit  leukocytes  of  the  extracts, 
■re pared  Iron  the  canned  fish,  neat  and  vegetables  to  which 
type  A  toxin  was  added  in  dilutions  of  1:25000,  1:50000, 

- : 75000  and  1;  100000,  The  HLD  of  the  toxin  according  to  the 
a t e  o f  a  b i o  1  o g teal  t e s t  r a s  1 :  6 0 0 00  f o r  r. Ice.  Lach  test 
was  accompanied  by  a  check  in  respect  to  the  neutralization 
through  the  anti -bo t ulinur  serum  of  type  A  and  3  as  well  as 
normal  equine  serum.  The  mixtures  containing'  serun  were  kept 
in  a  thermostat  for  ?0  minutes  at  3-7°,  aft"**  which  the  phago¬ 
cytosis  react  ion  was  carried  out.  Addition  of  the  botulinun 
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toxin  type  A  inactivated  in  a  water  bath  at  100°  for  30 
minutes,  as  well  as  the  usual  phagocytosis  reaction,  in  which 
physiological  saline  was  substituted  for  the  toxin,  and  these 
t  e  s  b  3 , 

A  total  of  28  experiments  was  performed  (3.13  intre  at  igut  ioruj  5 
17  of  which  were  carried  out  with  canned  flab,  5  with  sanc«d 
vegetables.  and  3  with  canned  meat. 

In  all  cases,  independently  of  the  nature  of  thy  canned 
product  investigated,  -:e  observed  that  the  fcotulinum  toxin 
sharply  inhibited  phagocytosis  and,  that,  this  action  of  the 
toxin  was  quit®  specific  in  character.  This  manifested  itself 
in  two  ways ;  first,  the  phagocytic  activity  of  leucocytes 
increased  with  dilution  with  physiological  solution,  and  after 
inactivation  in  a  water  bath  for  30  minutes  at  100° ,  the  toxin 
lost  its  inhibiting  action  on  the  phagocytosis.  The  specific 
nature  of  the  effect  of  botulinun  toxin  on  phagocytosis  was 
also  confirmed  by  the  fact  that  the  phagocytic  activity  o' 
rabbit  leucocytes  returned  to  normal,  following  an  introduction 
of  appropriate  anti-botulinun  serum  into  the  reaction.  If  is 
necessary  to  note  that  the  method  of  a  biological  test  is  con¬ 
siderably  inferior  to  the  method  of  the  ph.-gocy  tic  index  deter¬ 
mination.  The  results  of  the  tests  which  clearly  demonstrate 
this  are  presented  in  table  1. 

In  the  second  series  of  experiments  ws  studied  the  influence 
on  the  phagocytic  activity  of  rabbit  leucocytes  of  extracts , 
prepared  from  canned  food  products,  to  which  botulinun  toxin 
type  B  (strain  no,  255)  had  boon  added.  It  should  be  pointed 
out  that  this  strain  produced  a  toxin  of  a  very  weak  litre 
(1/60  milliliter  for  white  nice).  In  this  series  of  tests,  wo 
mixed  nitrated  rabbit  blood  with  extract  of  the  canned  product, 
as  well  as  with  the  extract  containing  toxin  in  the  fallowing 
dilutions:  1:25,  1:50,  1:75,  1:100,  1:150  and  1:250.  As  in 
the  preceding  tests,  the  extracts  containing  toxin  m  a  dilution 
of  1:25  were  kept  in  a  thermostat  for  30  minutes  together  with, 
the  antibotulinum  serums  of  type  A  and  3  and  the  normal  equine 
serum. 

The  test  was  accompanied  by  controls  consisting  of  introduct¬ 
ion  into  ’•  hit©  mice  1)  extract  of  the  canned  nr o duct ,  2)  the 
same  extract  mixed  with  toxin  in  dilutions  indicated  above,  and 
3)  extracts  containing  toxin  mixed  vith  anti-botulinun  serums 
A, B,  and  normal  equine  s«rura.  Inactivated  extracts  and  the 
extracts  containing  the  toxin  were  also  used  as  controls,  Th « 
total  number  of  tests  set  up  <‘ith  toxin  of  type  B  was  24,  in 
three  of  which  we  used  canned  meat,  in  6  canned  vegetables  a rd 
in  15  canned  fish.  Following  an  addition  of  the  extracts  con¬ 
taining  the  botulinun  toxin  of  type  3.  v;  observed ,  irrespective 
of  the  type  of  canned  product  used,  n  sharp  drop  in  the  phago¬ 
cytic  activity  of  the  leucocytes  in  the  rabbit  blood,  in  all 
cases. 

Extracts  containing  toxin  3,  added  in  a  dilution  of  1:25, 
and  kept  preliminarily  in  a  thermostat  for  30  minutes  at  3?*-' 
with  the  anti-botulinun  serum  of  type  A  and  a  normal  equine 
..vrun,  also  showed  an  inhibiting  effect  •:  n  nhw  roe  y  to  a  is  .  The 
type-specific  a  r.  ti-s  e  r  u  n  a  d  d  e  d  t  o  t  h  e  e  x  t  r  a  o  t  co  n  t  a  i  r.  i  n  g  t  h  o 
toxin  of  type  8,  induced  a  sharp  intensific  tins  of  the  phago¬ 
cytic  activity  of  leucocytes  in  the  rabbit  bloc d  .  The  e x t r u e  t s 
prepared  from  the  canned  food,  but  containing  no  botulinun  toxin, 
as  wall  as  the  extracts  to  which  a  toxin  inactivated  through 
heating  was  added,  had  no  noticaablo  effect  on  phagocytosis. 
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Biological  tests  performed  simultaneously  with  these  experiments 
proved  in  all  cases  to  fall  behind  the  method  of  the  phagocytio 
index  determination.  Since  the  results  of  these  experiments 
are  more  n r  less  identical  viith  those  presented  in  table  1  for 
the  toxin  of  tyne  A,  wo  do  not  present  a  special  table,  com¬ 
paring  the  results  of  the  determination  of  the  toxin  3  (using 
the  method  of  the  phagocytic  index)  with  the  data  of  the  bio¬ 
logical  test,  it  can  be  stated. that  the  first  method  proved  to 
be  much  more  sensitive,  especially  if  one  considers  the  fact 
that  the  extracts,  containing  the  toxin  in  dilutions  1:25, 

1:50,  1:75,  1:100,  1:150,  1:200  were  further  diluted  by  a  factor 
of  5  by  the  ingredients  taking  part  in  the  reaction  of  phago¬ 
cytosis.  During  the  biological  te3t  the  nice  usually  died 
following  subcutaneous  injection  of  an  extract  containing  toxin 
in  a  dilution  of  1:25  (for  the  canned  meat),  1:25  and  1:50 
(for  the  canned  vegetables)  and  occasionally  1:75  (for  the 
canned  fish),  whereas  with  the  aid  of  the  phagocytic  index  we 
succeeded  in  detecting  the  presence  of  toxin  in  dilutions  of 
1:100  1:150  and  1:200  (depending  on  the  type  of  the  canned 
goods).  It  can  be  concluded  that  the  method  of  the  phagocytic 
index  is  about  10  to  20  times  more  sensitive  than  the  biological 
test . 


Taking  into  account  the  fact  that  the  reaction  of  phago¬ 
cytosis  with  the  canned  goods  may  be  affected  by  non-specific 
factors,  such  as  products  of  the  vital  activity  of  micro¬ 
organisms  contained  in  the  canned  food,  pH  of  the  medium, 

3elts,  etc.  we  set  up  the  test  with  the  normal  preserved  food; 
at  the  beginning  of  the  test  we  added  botulinum  toxin  A  or  B 
to  the  food  in  question,  similarly  to  the  previously  described 
test  with  canned  goods.  In  these  tests  the  reaction  of  phago¬ 
cytosis  was  set  up  not  only  with  the  extracts  of  canned  meat, 
but  also  with  sausage,  ham  and  herring.  V’e  conducted  a  total 
of  30  such  experiments  (427  investigations  of  phagocytosis). 

In  the  first  series  of  experiments,  extracts  prepared  from 
the  contents  of  normal  cans  to  which  the  botulinum  toxin  of 
type  A  had  been  added,  were  subjected  to  an  investigation  in 
respect  to  their  ability  to  affect  the  phagocytic  activity  of 
the  leucocytes.  These  tests,  similarly  to  those  described 
earlier,  showed  that  the  reaction  of  phagocytosis  was  most 
clearly  and  intensely  inhibited  following  addition  of  toxin 
in  the  following  dilutions:  1:25000,  1:50000,  1:75000,  1:100000. 
The  phagocytic  index  decreased  2  to  12  times,  depending  on  the 
type  of  canned  food  investigated.  The  sharpest  drop  in  the 
phagocytic  activity  of  leucocytes  was  observed  when  extracts 
prepared  from  canned  vegetables  wore  added  to  the  blood.  The 
inhibitory  action  on  phagocytosis  was  also  noticed  when  an 
extract,  infected  with  the  toxin  A,  was  added  to  the  blood.  Prior 
to  the  experiment  this  extract  was  kept  for  20  minutes  with  the 
anti-serum  3  or  with  normal  equine  serum  in  a  thermostat  at 
37°.  When  an  extract,  which  had  been  kept  in  a  thermostat  with 
the  type -spec if i c  serum  A  was  added  to  tho  blood  sharp  intensi¬ 
fication  of  phagocytosis  occurred.  When  extracts  containing 
the  toxin  which  had  been  subjocted  to  inactivation  at  100° 
for  20  minutes  were  added,  phagocytosis  was  similar  to  the 
control  reaction. 

The  biological  test  on  whito  mice,  conducted  in  two  ex¬ 
periments  parallel  to  the  experiments  with  the  toxin  A,  in¬ 
dicated  considerably  lower  sensivity  of  this  test  in  comparison 
with  the  phagocytosis  test.  Thus,  during  the  biological  test 
the, animals  died  following  an  introduction  of  toxin  in  a 
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concentration  of  .1:25000,  whereas  the  nhagocytic  index  in¬ 
dicated  the  presence  of  the  toxin,  even  in  a  dilution  of 
1:100000.  Furthermore,  taking  into  account  the  fact  that  the 
toxin  used  in  the  teat  had  been  diluted  5  tin*,  s  by  the  ingred- 
t  n  r.  t  s  that  participated  in  the  reaction  cf  phagocy  to  a  is  ,  we 
must  c  ncludt  that  the  seneivity  of  leucocytes  of  the  rabbit 
blood  to  the  toxin  is  about  20  tirss  h i gher  than  that  of  the 
biological  tost. 

£n  the  next  series  or  expe'  ‘rtents,  using  similar  methods, 
we  s  udied  the  effect  of  . the  extracts  of  food  products  to  which 
tho  toxin  of  type  B  was  added  on  the  phagocytic  activity  of 
rabbit  leucocyte*. 

in  thou’,  experiments  as  in  the  previous  ones,  ve  observed, 
a  sharp  inhibition  of  phagocyte  si s ,  as  compared  with  the  con¬ 
trol,  in  the  natures  to  which  an  extract  containing  the  toxin 
ii  concentrations  of  1:25,  1:50,  1:75,  1:100  and  1:150  »as 
added.  'ith  progressing  dilution  of  the  toxin  an  intensified 
phagocytic  activity  or  leucocytes  was  observed,  which,  for  the 
extract,  containing  the  toxin  in  a  dilution  of  1:200  approached 
that  of  the  control,  ..hen  adding  the  B~typo  specific  3erun, 
the  phagocytic  index  was  twice  or  2_,  tines  higher  than  in  the 
case,  when  sarun  A  and  normal  equine  serum  were  used.  The 
results  of  these  tests  are  shown  in  table  2. 


The  biological  test  conducted  simultaneously  in  two  cases 
on  white  mice,  indicated  a  considerably  lesser  sensivity  to  the 
toxin  of  typo  8,  as  compared  with  the  method  of  determinat i on 
of  the  same  toxin  with  the  aid  of  the  phagocytic  index.  In 
thi3  case  too,  if  the  dilution  of  the  toxin  vy  ingredients 
participating  in  the  test  of  determination  of  the  phagocytic 
index  are  token  into  account,  the  biological  test  proved  to  be 
10  to  20  times  less  sensitive  than  the  method  of  the  phagocytic 
index.  Summing  up  the.  presented  data,  ”  e  may  note  that  the 
extracts  from  canned  food  and  other  products  containing  no 
toxin  did  not  affect  the  phagocytic  function  of  the  leucocytes, 
whereas  the  sane  extracts  induced  a  sharp  inhibit" on  of  phago¬ 
cytosis  after  tue  addition  of  the  toxin.  In  the  control  tests 
with  extracts  containing  toxin  but  subjected  to  thermal  inactiv¬ 
ation,  the  indices  of  phagocytosis  were  approximately  the  same 
as  in  the  ohyaio'i  ogical  solution. 


C  OFCi li IIQF 2 

Phagocytic  index  nay  be  used  for  the  detection  of  the 
botulinum  toxin  of  types  A  and  B  in  the  food  products, 
along  with  the  biological  test. 


>.  Botulinum  toxins  may  be  detected  with  the  aid  of  the 

phagocytic  index  during  on  investigation  of  various  canned 
goods . 

"ith  the  aid  of  the  reaction  of  phagocytosis  considerably 
smaller  quantities  of  the  botulinum  toxins  may  bo  revealed 
than  with  the  aid  of  a  biological  test;  therefore,  the 
letter  must  he  considered  lose  sonsit  ive  ns  con-oared  with 
the  method  of  the  phagocytic  index  doterninat ion. 


5 


The  dotorninat ion  of  the  oreccr.ee  of  a  botulinum  toxin 
in  canned  foods  with  the  aid  of  the  phagocytic  index 
requires  considerably  less  tir.e  (2-3  hours)  as  compared 
with  the  biological  test, 

'■'Jth  the  aid  of  the  method  of  *wh«.  cl  -'■pocyt ic  index  deter¬ 
mination  it  is  not  only  pos.  i ble  to  detect  the  presence  of 
the  botulinun  toxin  but  also  to  <’-'t  mine  its  type,  which 
is  quite  important  f  o  -  therapeutic  purposes. 
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liter  of 
extract^ 
with  to¬ 
xin 

1:25000 
( inacti¬ 
vated 

1  milli¬ 
liter  of 
extract 
plus 
toxin 
1:25000 

1,68; 

t 

0,82 

0,72 

Alive 

Alive 

Alive 

Died 

t 

1.4 

I 

0,86 

0,74 

ft 

If 

If 

it 

1,82; 

0,72 

0,84 

1 

vt 

II 

i» 

1,8  ! 

j 

0,94 

0,88 

II 

t» 

II 

it 

1,721 

0,84 

0,7 

tv 

ti 

II 

it 

i 

1,48' 

0,9 

0,96 

VI 

ii 

It 

ft 

1,74! 

0,98 

0,78 

If 

it 

IV 

it 

i 

2,36 

0,76 

0,56 

;i 

(V 

II 

it 

1,52  ; 

0,74 

0,5 

IV 

ti 

It 

ti 

1,78; 

0,5 

0,68 

tv 

•v 

II 

it 

i 

! 


j 


i 

j 

t 


\ 


Test 


1  milli¬ 
liter  of 
extract 
plus 
toxin 
1:50000 

1  milli¬ 
liter  of 
extract 
plus  to¬ 
xin 

1:75000 

1  milli¬ 
liter  of 
extract 
plus  to¬ 
xin 

1:125000 

0.7  milli¬ 
liter  of 
extract 
plus  toxin 
plus  0.3 
milliliter 
of  a  anti¬ 
serum 

0.7  mill i- 
li'ter  of 
extract 
plus  toxin 
plus  0.3 
milliliter 
of  B  anti¬ 
serum 

0.7  milliliter 
of  extract 
plus  toxin, 
plus  0.3 
milliliter 
of  normal 
equine  serum 

Died 

Alive 

Alive 

Alive 

Died 

Died 

ft 

99 

n 

19 

if 

91 

Ill, but 
alive 

♦9 

it 

If 

99 

99 

Died 

?» 

it 

ft 

19 

It 

Ill, but 
alive 

Died 

»! 

ft 

99 

91 

Died 

l 

Alive 

If 

ft 

99 

tt 

Died  i 

Died 

ft 

99 

99 

99 

t 

Alive  : 

Alive 

n 

19 

99 

91 

n 

i 

19 

n 

19 

99 

If 

if 

II 

W 

!» 

IV 

It 

TABLE 


2. 


Name  of  the 

Product 

I 

} 

i 

j 

i 

i 

• 

i 

Physiological 

solution 

Native 

extraot 

Inactivated 

extract 

Extract 
plus  toxin 
1:50  both 
inactiv¬ 
ated 

Stewed  pork 

i 

'1,78 

1,3 

2,3 

1,92 

Beef 

1 

1,82 

2 

2,42 

1,83 

1 

Stuffed  peppers 

J 

1,64 

1,84 

1,98 

1,98 

Summer  squash 
pre  serves 

1,82 

1,68 

1,88 

1,8 

Eeeplant 

preserves 

1,7 

1,74 

1,92 

1,94 

Codfish  in  oil 

! 

1 

1,58 

1,6 

2 

2,12 

l 

Cracow  sausage 

} 

1,62 

2,04 

2,4 

1,98 

Poltava  sausage 

1,78 

1,96 

2,08 

2,14 

Tea  sausage 

1,93 

2 

2,18 

2,06 

j 

Herring  in  marinade 

j 

! 

1,7 

1,56 

1,96 

2 

j  it  ft  i» 

i 

1,84 

1,72 

1,88 

1,94 

i 

1  it  n  n 

i 

1,84 

1,8 

i,9^ 

1,8 

Ham 

1,94 

1,88 

1,98 

2,02 

ft 

i 

t  • 

1,88 

1,92 

2,02 

2,32 

1 

ft 

1 

1,72 

2 

2,08 

2,26 

> 


